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of Delaware 
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Il Claires. 
This invention relates to an improved 
ratus adapted to transmit low vibrational fre- 
quencies. In particular the invention relates to 
an improved geophone or seismic pickup suitable 
for transmitting seismic energy having frequen- 
cies as low as about 1 or 2 cycles per second. The 
present invention therefore comprises improvèd 
apparatus for use in seismic prospecting. 
The science of seismic exploration cmnprises 
the steps of setting up seismic waves in the earth 
which are directed so as to be refiected or 
fracted from substrata in the earth. By receiv- 
ing or Picking up seismic waves refiected or 
fracted from substrata in the earth, it is possible 
to determine the depth of substrata and other 
geological inïormation. The apparatus employed 
in seismic exploration to receive or pick up the 
seismic wave energy is generally ca]led a geophone 
or a seismic pickup. These geophones are de- 
vices suitab]e for converting the mechanical 
vibrations of the earth, imparted by seismic 
wave energy, into electrical energy which may 
be amplifled, filtered, and recorded as desired. 
Insofar as a substantial portion of the vibrational 
energy the geophones must pick up is of very low 
frequency, it is apparent that these geophones 
must be capable of transmitting extremely low 
frequencies. !t is often desirable to employ a 
geophone having a frequency response as low as 
1 or2 cycles per second. It is therefore the prin- 30 
cipal object of thi invention to provide an im- 
proved geophone apparatus capable of transmit- 
ring frequenc.ies of this range. 
In conventional geophones a coil is supported 
by springs in a magnetic field. Consequently 
when vibrations are imparted to the geophone 
the spring-supported coil will move in the mag- 
netic fleld generating electromotive forces which 
may be amplified and recorded as desired. The 
characteristics of the spring-supported movin 40 
coil of such a geophone may be expressed as 
.ï / 
in which 9  equals the frequency, Iç is the spring 
constant equal to the force per unit of distortion 50 
of the spring, and M is the mass of the moving 
element equal to the weight of the spring W di- 
vided by the acceleration of gravity g. Therefore, 
as expressed by this formula, the frequency char- 
acterist/c of the spring-supported moving cofl .5 
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increases with increasing strength or rigidity of 
the spring and decreases with increasing mass 
of the spring-supported coil..It will be appreci- 
ated that the limitations impoied by the strength 
5 of the spring required and the mass of the sprin- 
supported coil will limit the frequency response 
obtainab!e. Thus, a springmust be nsed of sufli- 
cient strength to at least support the mass of 
the movin coil and again the mass of the mov- 
ing coil cannot be too greatly increased. One 
further limitation exists which may be noted. 
:In the equations iven the ratio W over K.is the 
static deflection of the spring due to the weiht 
of the vibrating mass under standard gravity 
conditions. It is therefore possible to substitute 
the symbol d for the ratio of W over K in the 
above equation as follows: 
Solving this equation for g results in the expres- 
d----- 
4rFo  . 
ï the value 32.2 feet/second is nsed ïor  and if 
a frequency of 10 cycles per second is used for 
i0, it is round that the deflection of the spring 
is 0.097 inch or roughly _of an inch.. It is 
evident from the formula that as the frequency 
is decreased the defiection d increases. So!ving. 
this equation for a frequency of 1 cycle per sec- 
ond it.is round that the deflection requireoEis 9.8 
inches, while for a frequency of  of a cycle per 
second the defiection would be 980 inches. Prom 
these considerations if may be seen that even 
though it were possible to sufficientiy reduce the 
strength of the spring and to increase the mass 
of the moving coil itself, nevertheless the deflec- 
tion required for low frequency response would 
be so great as to go beyond the.practical space 
limitations of geophone construction. A further 
problem connected with attempting to reduce the 
strength of the spring or to increase the mass 
of the moving element is that the resulting 
geophone would be unduly fragile and would be 
subject to the .danger of permanently distort- 
ing the spring. It is therefore a further and 
more explicit object of this invention to pro 
vide a geophone which is sensitive to low fre.- 
quencies (as well as high frequencies)and which 
is hot unduly fragile and will not endanger per- 
manent distortion of the spring element and yet, 
at the saine time, is of compact size, hot requir- 
ing excess defiections of the.moving coil. 
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In accordance with the present invention 
seismic pickup of geophone is constructed by 
employing a relatively weak spring. The mass 
of the moving element associated with this weak 
spring may be about that conventionally em- 
ployed or may be somewhat greater te further.in- 
crease the low frequency response. A D. C. elec- 
trical current is thon impressed acr0ss the-coil 
of the geophone te provide a magnetic field act- 
ing in conjunction with the conventional mag « 
netic field provided in a manner? te balance a 
portion of the static force of gravity on the mass 
of the moving element. By this. nerC-provision 
the weakness of the spring will net erïdngertte 
permanent distortion of the spring. If' iS an 
ditional feature of this invention that the moving 
element may be clamped when net-in use byre - 
versal of the magnetic field set up in the-. coil. of- 
the geophone by the D. C. electric current. 
further feature of this invention is that the 
magnetic field provided te balancëat leas a por- 
tion of the static force on. the mass0f the mov- 
ing coil may be of such " a nature that the restor- 
ing force on the mass of the coil is reduced in 
proportion te the actual displacement of the mov- 
ing element. This feature resuits-in a further re- 
duction in frequencF beyond that obtainable by 
merely varying the strength of the spring  or the 
mass of the moving cofl. 
This invention and thë objects ofthë inveltion. 
Will be more fully understo0d fr0m -cïnsidera- 
tion of the following description in- connection 
wittl the accompanying drawings in. which: 
Fig. 1 is a diagrammatic view of a suitable 
electrical and recording circuit for use in the 
present invention, and in Which 
Fig. 2 is a cutaway vertical sectional view of 
geophone built in accordance with this inven- 
tion; and in which 
Figure 3 fragmentally illustrates a modification 
of the invention employing an irregularly woun.d 
coil and tapered pole pieces. 
Referring now to Fig 1, the entire electrical 
circuit employed in this invention is illustrated. 
The numeral I designates the novel geophone or 
seismic pickup of this invention which will be 
described in detail in connection with Fig. 2. 
Connected to the geoph0ne are tle' conductors 
and  which lead to an amplifier 4. It will beun- 
derstood that the conductors  anl   are con- 
nected fo the moving coil of the galvanometer so 
that the electromotive force developed bY move- 
ments of this coil will impose an alterngting" cur- 
rent on the amplifier  which will be-suitably gin  
plified. If is conventional to empioy at least 
two stages of amplification in the  amplifier 
It is also conventional te employfilters or te 
just the amplifier characteristics te eliminate un.- 
desired frequencies. The output of the amplifier 
4 is impressed on asuitable recorder ilïdicted by 
the rectangle  through the lads  and 6.. 
heretofore described the electricalc0nnëctiols 
te the geophone I together wittï the  amplifier 
and recorder re entiely conVenti0nal. Suitable 
amplifiers and recorders are wéllkïaown t the 
art. A suitable recorder, for exampie/may co-n.»- 
sist of a moving cofl galvanomter having a mit- 
ter attached t0 thë c0il in such a wFthat a  light 
beam fal]ing on the mirror will be  refiected ente  
a moving strip of sensitized paper sri as te record 
fiuctuations of voltage imposed en the galv - 
nometer. Since ttlese elements of. the circuit of 
Fig. 1 are conventional, n furtHerdescripti0n Of 
these elements will be ruade. F0r clrity the 
portion of the circuit heretofore deScri1ed may 

4 
be called the signal circuit and, as stated, is con- 
ventional in all çespects. 
Connected te leads  and S in parallel with the 
amplifier 4 and the geophone  is an additional 
5 circuit comprising a battery 8, a variable resist- 
ance  reversing switch  , and an inductance 
This. portion ofth circuit, o Fig: 1 may ]Se con- 
sidered te be the  control circuit t0  be provided 
and used in accordance with this invention. As 
lO-Wfll be described, the battery 8 is used as a source 
of D.. C. voltage., te impress a direct current volt- 
age across the coil of the geophone . The re- 
versing switch [ provides means te reverse the 
directi/on-Of current fiow in this cofl. Thus, in 
15 onepositï0u ofth.reversing switch   the fiow of 
direct current in- the coil of the geophone in con- 
junction, with the  conventional magnetic field 
provided wfll set up a magnetic field acting te 
support th weight of the coil in the geophone. 
o In the other of the two positions of the reversing 
switch   the magnetic field set up byth.fiow, of 
direct current will cause the coil te be pulled 
downwardly in the geophone te test aainst stops 
provided se as te clamp the coil against movement. 
2,5 in transit. The variable resistance  maybem- 
ployed in conjunction witt a fixed voltaesourc. 
8 se as te variably control the quantity of direct  
current in the coil of the geophone. Alternativ  
ly» the variable resistance  maybe omitted and 
20 a variable source of voltag may be employed. 
Inductance I1 serves the purpose of isolting 
control circuit fom the signal circuit. It 
parent that if a suiîïcienly large resistance is 
employed in the coutrol circuit» the inductance 
.5   wfll net be required, or, similariy that if a suffi- 
cient large inductive impedance is ued, the ne 
cessity of the resistive impedance of the resistor 
 is eliminated. In otherwords, if desired, a sufl  
ciently large variable reistance  may be em- 
o ployed with a fixed battery voltage 8 se .as te 
avoid the necessity of employing an inductance 
 » or lternatively, a suiîïciently large inductance 
 may be used in combination with a variable. 
voltage source se as-te avoid the necesslty of 
5 using the resistance . In either case, howe.ver, 
the value of the' resistauce or - inductance  used 
must be suiîïcient te iolate the control circuit 
frein the signal circuit. 
The manner in which the fiow of direct cur, 
50 rent frein the control circuit described through 
the moving coil of the geophone is effective for 
the purposes outlined will be understoodby refer 
ence te the remaining figure of the drwings. As. 
shown in Fig. 2, the geophone itself compris 
5,5 a suitable case or housing . Fixed te or ruade: 
an integral part of the lower portion ofthe  
geophone case, is a projection $. This 
tion may be imbedded in the earth se as t 
receive vibrations of the earth imparted by 
6o seismic energy. Vibrations:of the projection'. 
wfll be conducted te the geophon-e case I.. As 
will be seen, the lower part of the case comprises 
a portion of the magnetic path set up in the 
geophone se that tle geophone case may con- 
65 veniently be composed of an iron or steel casing- 
In the lower part of-the casing a magnet 6 is 
positioned which is suitably, fixed te and firmly 
supported by the casing. As illustrated, the mag- 
net ma.y be seated in a depression provided in 
7O the loWer part of theinside of the geophone case, 
and is held there by aretaining ring @ which 
maF be threaded te the insid of the-CaSE S0 aS 
te hold the magnet firmly within the depressiori 
at the bottera of ttle case« Thêf retainïn ring_ 
75 0 i, te be comp0sed. Of norï,msgnetic 
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such as plastic or flber. The upper end of the 
magnet may bave a somewhat reduced cross- 
section flnally terminating in an enlarged cross- 
section as fllustrated to provide pole pieces. 
Positioned around the upper part of the magnet 
adjacent to the pole pieces is a coil support 
on which is wound a suitable coil 8. This coil, 
for example, may consist of about 570 turns of 
#36 wire. The coil support is supported in its 
position around the ui:i:er portion of the magnet 
by means of the support 2  which in turn is held 
by the springs 9 and 20, whlch are supi:orted by 
the support 22. The suPport 22 is flrmly flxed 
to the casing {} by means such as the clamps 
and screws shown. By virtue of the arrange- 
ment fllustrated, vertical movement of the coil 
{} is permitted, and horizontal movemen.t is I:re- 
vented. Thus, the coil is adapted fo vibrate in 
the vertical direction between the air gai: pro- 
vlded by the magnet poles and the extensions 
of the case provided as paths for the lines of 
magnetic force extending from the bottera of 
the magnet through the lower part of the case, 
fl:rough the extensions 37 fo the pole pieces of 
the magnet. The conductors 2 and 3 connected 
to the coil 8 are led through the upi:er part of 
the case through a suitable grommet as illus- 
trated if desired. These conductors are soldered 
or attached to terminals 38 mounted on .the 
insulated terminal blocks 39. Each of the con- 
ductors is then led clown fo a suitable terminal 
connection mounted on the coil sui:port 7. The 
terminal supports are designated by the numeral 
40 on the drawing and may, as illustrated, com- 
prise an insulated block on which suitable con- 
nections may be ruade to the coil {}. It is ap- 
parent that movements of the coil should hot be 
restricted by connection of the conductors te the 
coil. For this reason each of the conducters is 
arranged as a loose si:iral of flexible wire indi- 
cated by the numerals 2{} and 23. As is conven- 
tional in geophones of this type, a resistance 
is connected in parallel across the coil  8. A suit- 
able connection may be ruade as indicated at the 
terminal block in the upi:er part of the geophone 
case. The resistance illustrated is simi:ly shown 
as the usual type of cylindrical resistance coin- 
mon te electronic circuits. The function of this 
resistance is te I:rovide selected amounts of 
damping effective on the motion of the coil 
sembly relative to the case. This resistance ele- 
ment or damper is a fatcor in the transmissibility 
characteristics of the geophone and is used in 
conventional pickups of this type. 
The operation of the aplaratus shown in Fig. 2 
may now be fully understood. Vibrations of the 
earth responsive to seismic energy transmitted 
through the ea.rth will be conducted to the casing 
[{} at least in part through the extension 
so that the casing of the geolhone wfll be caused 
to move at the same frequency as the seismic 
vibrations. In the embodiment of the invention 
fllustrated, .this vibrational movement wfll occur 
in a line along the geoi:hone case which is con- 
ventionally in a vertical direction. This move- 
ment of the csing 5 wfll cause the SUSlended 
coil 8 to vibrate, moving the coil crosswise to 
the magnetic feld of the pole lieces 37 and 4{}. 
Movement of the coil in this manner will cause 
the conductors of the coil fo cut the magnetic 
lines of force having a lath from the lower part 
of the magnet 8 through the walls of the casing 
and through the air gap to the Uller portion 
of the magnet. Consequenfly, vibration of the 
coil | {} in the aoe gap provided; will set. up a sig- 

nal electromotive force correspondlng in fre- 
quency to the vibrations of the coil, Thls elec- 
tromotive force will be conducted through the 
conductors 2 and 3 to the signal and control cir- 
5 cuit fllustrated in Fig. 1. In accordance with this 
invention, by adjnsting the resistance 9 or the 
applied voltage {} and by properly controlling the 
polarity of the battery {} by means of the revers- 
ing switch  , a direct current will also be marie 
10 ,to flow in the coil {}. Fiow of this direct cur- 
rent will set up a magnetic fleld which may be 
adapted to partially support the weight .of. the 
coil assembly. In other words, fow of direct 
current in the coil 8 may be marie to repel the 
15 coil from the magnet 6, consequently diminish- 
ing the static force on the springs 9 and 20. If 
will be noted the non-magnetic retalning ring 
30 used fo ho!d the magnet in the case ls also 
adai:ted to support the lower portion of the coil 
20 support 7 when the coil support is in its lower- 
most direction. Thus, if the D. C. current 
through coil 8 is reversed in polarity from the 
condition just described, a magnetic force will be 
set Ul which wfll pull the coil  8 toward the mag- 
e5  net  so as fo cause the coil to seat on the ring 
30. By this me.ans it is possible to clami: the coil 
against the ring 3{} when the geophone ls hot 
being USed so as fo prevent danger of distorting 
.the springs 9 and 20. An uPPer stop 42 may 
3O also be provided so as te further limit movement 
of the coil assembly te lrevent any possibility of 
lermanently distorting the springs 0 and 2{}. 
In actual use, when if is desired to employ the 
geophone for receiving purposes suflïcient cur- 
35 rent is lrovided in coil  of proler lOlarity to 
pull the coil up te a position permitting vibra- 
tion up and down between the stop 42 ,and the 
ring 3. It is I:ractical to pick the coil up to 
above or below a position approximately midi. 
4b way. In general, sufflcient space is provided by 
the llacement of stop 42 and ring 30 so that some 
variation in the position of the coil is possible 
leaving a margin ïor some drift in cm'rent while 
I:ennitting a freedom of motion in oporability. 
45. While the springs 9 and 20 are illustrated 
and bave been described as fiat leaf springs these 
springs actually are of the cantflever type. The 
dimensions of suitable spring elements are shown 
in Table I. It will be noted that in the embodi-. 
ment illustrated a si:ring length of  of 'an inch 
was required. This table shows the frequency 
resi:onse obtainable with different spring con- 
structions, that is, employing springs of different 
material and of different widths and thicknesses. 
Table I 

5O 

55 

Material 
6O 

Beryllium ..................... 
Phosphor Bronze ............. 
65 Shim Steel .................... 
]:)o ........................ 

Spring 
Length 

Width 
0.25 
0.05 
0.0 
0. 
0.25 
.0.25 

Thick- 
Iless 
O. 005 
.005 
0. 005 
0.005 
O. 0025 
O. 001 
O. 0008 

quncy 

 15 
-10 
7.8 
4 
:6 
4 

* Conventional operation--no control circuit. 
 Muss of coil wus increased by adding 26.5 grains of bras' to'coil 
assembly. 
70 
Referring to the table, it will be seen that if 
a beryllium copper spring is employed having a 
Width of .25 inch and ,a thickness of .005 inch, 
a frequency response will be obtained wlthou. 
5 employing the novel control circuit of" thl inc.: 



Vention of: about 15 cycles per second. If,.how- 
over» the , width and thickness of this. spring: is 
mterially, reduced as shown in the tables and 
if the. novel, control circuit of this invention is 
employed, thon a frequency response respective- 5 
1F of 10, ï.8-and 4 cycles per second is .obtainble. 
It.-may be: noted that with. the exception of the 
flrst..spring:listed in Table I, that is] the beryllium 
copper spring, h'aving a width of..25 inch and 
thickness of .005. inch, all..remainingï springs, l0 
sh,n in the table were too weak.to support the 
weight, of ttie moVing coil. assembly- withou ' use 
of.thè:novel control circuit ofthis invention.. 
sults ale also stiown iri TableI showing the:effect 
of àdding: an additional mass to. the moving coil 
assembly. Employing. springs of shim steel: 
inch long .25 inch wide, and respectively .001. 
and .0008 inch. thick, and by incïeasing:the mass 
of the ofl assembly bF 26.5 grains, a frequency 
response Of 4 nd 2.5 cycles per second respec- 
tiely was obtained. It is apparent therefore tht 
employing the novel control cicuit of this in- 
vention so as to balance a portion of the static 
force of ,gravity on the mass of the moving oie- 
ment; it is. possible to obtain a geophone of im- 
pro:ced-low fïequency resporse. 
In the. embodiment described heretofore» the 
construction of the apparatus has been such as. 
to .provide an essentially constant magnetic field 
throughout a reasonable range of vertical posi- 
tion of the coil. Consequently, the. force action 
of the magnetic fleld set-up remains constant 
over the distance, in which the coil moves. A 
suitable mnner of getting a uniform magnetic 
fleld maF be to. employ as shown a coil support 
and. cOil substantially longer thon the length of 
the pole pieces ] and 8. Another way to get 
uniform magnetic flux independently of small 
motions o: the coil is to use very broad pole pieces 
and a relatively short coil. However, it is occa- 
sionally desirable to set up a non-constant mag, 
netic field. This may be achieved by tapering 
the pole pieces in an aïrangement using a rela- 
tively short coil, or by altering the winding of the 
coil.  so- that the coil is hot wound uniformiy 
in an arrangement using relatively short pole 
pieces. Fragmental Figure 3 shown in the draw- 
ings.-illustrates a coil which is non-uniformly 
Wound. As shown in Figure 3, the lower tm'ns 
o£.the coil are more closely spaced than-the.up- 
per turns of the coil. It is convenient to achieve 
this:purpose to taper the pole pieces of the«ag- 
net..  @' so as to provide, a greater air gap-at the 
upper, part of the magnet and a. reduced air gap 
at the lower part of the magnet. By this means 
it is possible to increase the frequency response 
of. the geophone. Similarly, if the magnet pole 
pieces are tapered in the opposite direction it 
is.possible, to decïease the frequency ïesponse of 
the geophone. Thus, if the pole-pieces-of the 
magnet @ are tpered so as to provide a some- 
What greater air gap at the lower portion of the 
lIe piece than ai the :upper portion of .the. p01e 
Piece, tle low frequency .response f the_geo- 
phone .will: be: improVed. This modiflcatioï/ of. 
tlïé inYerti6n is illustrated in-fragmental Figure 
3 Showifig tapering of the pole piëces 0f magriet 
6-to provide a greater air ga at tHe:loWer por- 
tion of the pole piece than at the upper portion 
of. the pole piece. Illustrated in Table II are 
tyPiclresults obtainable with a geophone em- 
bbdyinKthis invention whena non-uniform mag- 
netic-flell is .employed. lesuls are shown-in. 

Ma.teral 
Beryl]itmr £;opper_ 
Db ........... 

a-: smller lr gap. at. the upper -part. off, tha pole- 
pieces; "  
aS« iI- 
rI, .aI "°f SI)ring" 
per ncn t ] 
.iieh [ inch I I" -. I "  
0 I « I 0.25:/ 0,00081- 

15 

2O 

bras-to coilasbl 
The. flrst ïest- iB. theble ows,.the. fequencY 
response obinable using a: consent metic. 
flux..fleld: nd. employingno ,per i the aoe gap, 
in. which the coil. is- moved. In.. th case= a. froc 
quency, response.,of 2,5 cycles per:second, w:ob- 
tainable« However, under the-saine conditions 
provided.an air gp taper was 'provided amount- 
ing to »032 inch: per inch of a gap,. a-frequencY: 
response of 1.6 cycles:per secd as obtainable. 
5 As, described, herefore, the appratus, of- this 
vention comprises:  improved geophone con- 
struction having.-exttemely low frequency re- 
sponse. In accordance with this invention  
geophone  built oI conventional contraction, 
$0 except,that the:sp-ring elemen employed-to sup- 
port. the. mog: coil of the geophone are of. e- 
ducêd weight and stregth. The masse of, the- 
moving coil element may be incresed beyond 
that ordinarflysed. The Streng.th.of::the::sPg 
. and- the, mass: of thecol element are,charcter- 
izea by the fact. that the springs will- hot alone 
support the. mass, of the coil element, BY em- 
ploying a oentrol,cir6t.to impress-a.dh'ect-Cur- 
rent in the: cofl:of e gphone it iS possible . 
. set. up a magnetic field about the coil suible 
to balance in. part te static force..of g2gvity. 
on te mass of-tecoil. B-th',means, the ex» 
ceedingly weak:spAngs:emploed : .thë.geophone 
of fhis vention will: be: caable of suppoing 
4. the coil ssembly So: as= to: be resnsiVe  ex- 
cdingly loW viratïoal: fréquencïes. Thë pres-- 
entinvention contemplaes:using oth:a:unfform 
and non"unifòrm  maëic: field about/the cofl 
of trie ge6phone. - .It. is- a. prticùla: featare of 
0 thé invention that  5 Using noufo'mag, etiC fleld, it-iS pössib!e t0 fUï'ther, decreasète. 
fi'equefiCy resp6nsé- oZ thé. g0ph0ne 
Hng n0w fhll, deScribed, tis: invention,. 
vhat is claimed ih: 
OE 1: Apparatus fbr convertg mechanical, vibra- 
tio to-elecfrical vibrations consisn of the 
combinàtion of. a casing containing-g..magnet; 
 c0ii element positioned in the maètic field 
of the magnet; spring mounted supporging.means 
6o for the coil elëment-capable 0f aff0rding at least 
partial support .for said coil e!ement; and an 
electricàt circuit connected to the said coil ele- 
ment comprising « source of direct carrent, 
whereby an electf0magnetic field: ig developed= 
6OE" coct withthemgnetic :fleld of thé:said .m'gnet, 
to" oplëmen the-said support of the sprg. 
supporing me Whereby said, cll element acts 
uS: an inerti element reming-bstantially 
mogionless bn. vibation of the csg. 
70 2: he appartus defined by claire 1 i which 
thë strengSh, of the:prg support.and the mass: 
of: h coiLe!ement-re chracterized b inbflity 
suspend the coil element. 
3 e,apparat deed b clm:l in. which 

TleII empl6yïg: a taper pr0viding a greater: 
al: gP at:the lbwer part' of the',polë::piees:e:nd:- 7:, t :.least - portion Of: the magneti fleld, in which. 
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the coil element is supported is of non-uniform 
flux strenth. 
4. Apparatus for convertin mechanical vibra- 
tions to electrical vibrations comprising in com- 
bination a housing, a marner havin a manetic 
fleld positioned in said housin arranged to pro- 
vide an annular air ap between the marner and 
casing as a part of its manetic circuit, an an- 
nular coil element positioned in the said an- 
nular air ap, spring mounted supportin means 
flxed to said annular coil and said housin capa- 
ble of affordin at least partial support for said 
coil element and means for applyin a D. C. cur- 
rent to the said coil, whereby an electromagnetic 
fleld is developed adapted to co-act with the 
said manetic fleld to supplement the action of 
the said sprin means to suspend the cofl in the 
air ap, and whereby said coil element acts as 
an inertia element remainin substantially mo- 
tionless upon vibration of the casing. 
5. The apparatus deflned by claire 4 includin 
means to reverse the direction of D. C. current 
flow through the cofl, and means to variably 
control the amount of D. C. current passed 
through the coil. 
6. The apparatus deflned by claire 4 including 
a resistance element electrically connected in 
parallel with the said cofl. 
7. The apparatus defined by claire 4 in which 

Nurnber 
1,974,422 
2,002,372 
2,316,616 
2,417,077 

the magnetic fleld in the said air gap is sub- 
stantially uniform. 
8. The apparatus deflned by claire 4 in which 
the magnetic fleld in the said air gap is non- 
5 uniform. 
9. The apparatus deflned by claire 4 in which 
the strength of the said spring means, and the 
mass of the said annular coil are characterized 
by inability of the springs to suspend the coil 
lo element. 
10. The apparatus deflned by claire 4 wherein 
the said air gap in which the coil is positioned 
is tapered whereby a non-uniform magnetic 
fleld is provided in the said air gap. 
15 11. The apparatus deflned by claire 4 in which 
the said coil is non-uniformly wound. 
ALLEN A. CHERNOSKY. 
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